A number of Streptom yces strains degraded the N-glycosidic linkage of pyrimidine nucleotides.
The products and some conditions of 5'-UMP degradation were studied using cell-free extracts of Streptomyces virginiae IFO 3729. Formation of uracil was recognized by paper electrophoresis and by the shift of ultraviolet absorption at an alkaline pH. Pentose phosphate was purified by ion-exchange chromatography and prepared as Ba salt. It was identified with R5P by paper chromatography, paper electrophoresis and by chemical analyses. Optimum pH and temperature for R5P formation were 5.5 and 55°, respectively.
5'-UMP was quantitatively converted to uracil and R5P under this condition.
At near neutral pH and at lower temperatures, the rate of R5P formation was far lower than that of uracil, caused by coexisting R5P-metabolizing activity. When the mixture of purine and pyrimidine nucleotides was subjected to the enzyme action, pyrimidine nucleotides were selectively degraded.
The hydrolysis of nucleoside N-glycosidic linkage is well known, but reports on the hydrolysis at the nucleotide level are scarce. HURWITZ et al.
(1) found in Azotobacter vinelandii AMP-ribosidase which hydrolyzes 5'-AMP to adenine and ribose-5-phosphate (R5P). KUNINAKA (2, 3) reported on IMPribosidase of Aspergillus oryzae, which hydrolyzes 5'-IMP and 5'-GMP to their bases and R5P. These reports are mainly concerned with the cleavage of purine nucleotides.
During the course of our investigation on the metabolism of pyrimidine compounds by microorganisms, the ability of Streptonyees to hydrolyze the N-glycosidic linkage in pyrimidine 5'-nucleotides was found.
This paper deals with the distribution of such an enzyme, the degradation products and with some conditions for the degradation of the nucleotides. A test organism was grown on an agar slant of potato extracts supplemented with 5% starch and the grown cells of 4 day culture were transferred to 40 ml of liquid medium (soluble starch, 4.0%; Polypepton, 1.0%; beef extracts, 1.0%; K2HPO4, 0.5%; NaCI, 0.5%; prepared with tap water, pH 7.0 before sterilization) in a 200-ml Erlenmeyer flask and incubated on a rotary shaker at 28°.
Enzyme extraction.
In the screening test, the aerobically grown cells were collected by centrifugation from 60 ml of 2 and 6 days old culture broth, washed with cold water and suspended in 25 ml of cold distilled water. The sonicate (10 kc, 10 min) of this suspension was used as the enzyme preparation.
In later parts of the present experiments, the sonicate prepared from cells of 4 days old culture of Streptomyces virginiae was centrifuged at 35,000 x g for 1 hr and the resulting supernatant was used as the enzyme preparation.
Screening test. The reaction systems for the screening test are indicated in Table 1 . The reaction mixture was incubated for 1 hr at 37° and the reaction was stopped by the addition of an equal volume of 10% HC104.
The blank tests were run without the substrates which were added after the addition of HC104. The rate of the cleavage of the N-glycosidic linkage was estimated by the orcinol reaction (6). Degradation of 5'-UMP. The reaction mixture containing 20 imoles of 5'-UMP, 200 pmoles of acetate buffer (pH 5.5), and enzyme solution in a total volume of 1 ml was incubated at 37° or 55°. The condition was modified in some experiments.
The formation of uracil was estimated based on an observed increase (4.53 x 103) of molecular extinction coefficient at 290 m i in 0.2 N NaOH upon conversion of 5'-UMP to uracil. The amount of R5P was estimated by the orcinol reaction using R5P as standard.
Reducing sugar was determined by SOMOGYI's method (7) using R5P as standard.
Phosphate was determined by the methods of ALLEN (8) and NAKAMURA (9).
Chromatography and paper electrophoresis. Nucleic acid bases, nucleosides and nucleotides were separated by paper electrophoresis to anode with 0.05 M borate buffer (pH 9.11) on a whatman No. 1 paper under 66.7 volts per cm for 30 min, or by column chromatography (10). Pentose and pentose phosphate were separated by paper chromatography or by paper electrophoresis.
Solvent systems for paper chromatography were as follows: Table 2 . The degradation of pyrimidine nucleotides and nucleosides by cell-free extracts of Streptomyces. One ml of the reaction mixture containing 0.2 ml of 0.5 M acetate buffer ipH 5.6), 0.2 ml of 10 mM KH2PO4, 0.2 ml of 5 mM each of uridine plus cytidine or 5'-UMP plus 5'-CMP, 0.2 ml of enzyme preparation and 0.2 ml of water was incubated for 1 hr at 37°. The reaction was stopped by the addition of 1 ml of 10% HC104 and the mixture was centrifuged.
The orcinol reaction was carried out with the supernatant solution and the rate of the degradation was determined. Solvent 1. n-Butanol-acetic acid-water (1:1:0.5, v/v/v) (11). Solvent 2. n-Butanol-propionic acid-water (10:5:7, v/v/v) (12). Solvent 3. Phenol-water (72:28, v/v) Solvent 4. 95% Ethanol-1 M ammonium acetate (7:3, v/v, pH 6.5). Paper electrophoresis was carried out in n-butyric acid-NaOH-water (9.2:0.1:100, w/w/w, pH 3.3) under 13 volts per cm for 2 hr. Pentose and pentose phosphate were detected with aniline hydrogen phthalate(13).
Phosphate was detected by the reagent of HANES and ISHERw00D (14.
RESULTS

Results of screening
A part of the screening tests is shown in Table 2 . Although pyrimidine nucleosides were little degraded, the N-glycosidic linkage in pyrimidine nucleotides was cleaved by a number of enzyme preparations.
In these cases, the formation of pentose phosphate was detected.
Among 60 strains tested, more than 20 strains were found to degrade nucleotides faster than nucleosides.
Streptomyces virginiae IFO 3729 was selected from this most common group and used in the following experiments. The concentration of the enzyme preparation was adjusted to that of the original culture broth.
The standard reaction mixture containing 0.4 ml of the enzyme preparation was incubated at 37° for 2 hr.
Streptomyces griseoflavus and some others degraded nucleotides at nearly the same rate as nucleosides and Streptomyces cellulosae and a few others degraded nucleosides faster than nucleotides.
Variation of enzyme activity during growth As depicted in Fig. 1 , the 5'-UMP-degrading activity (uracil formation) roughly paralleled with the growth.
However, the yield of R5P was low at the early growth phases and high at the later phases.
The low yield of R5P at the early growth phase may be attributed to the R5P-metabolizing activity in younger cells. When R5P was incubated with the enzyme preparation extracted from 1 day culture cells, the orcinolreactive material decreased, but the reducing activity did not. Inorganic phosphate was not liberated from R5P. Hereafter, the enzyme preparation extracted from 4-day culture cells was adopted.
It may be added that the 5'-UMP-degrading activity was found only in the cells, and not in the culture filtrate, and also that the sonic extracts and the suspension of intact cells showed similar activity.
Some conditions for 5'-UMP degradation pH: The optimum pH for uracil formation was 6-7, whereas that for R5P formation was about 5.5 (Fig. 2) . The time course of formation of uracil, reducing sugar and R5P by the reaction at pH 6.5 is shown in Fig. 3 .
In contrast to the low yield of R5P, the yield of reducing sugar was equal to that of uracil.
Temperature: Fig. 4 illustrates the effect of temperature on uracil and R5P formation and Fig. 5 depicts the reaction processes at 37° and 55°.
It is evident that at the optimum temperature (55°), equimolar uracil and R5P were formed, suggesting the inactivation of the R5P-metabolizing activity at the high temperature.
It was also observed that the R5P-metabolizing activity was destroyed by heating the enzyme preparation at 55° for 1 hr in acetate buffer (pH 5.5).
Uracil formation from 5'-UMP 5'-UMP was degraded by the enzyme preparation of Streptomyces virginiae and the degradation products were analyzed.
Paper electrophoreograms illustrate that uracil was formed in accordance with the disappearance of 5'-UMP (Fig. 6) . Uridine was never detected at any stage of the reaction.
The peak of ultraviolet absorption at alkali shifted to longer wave lengths as the reaction proceeded.
At the end of the reaction, the absorption spectrum became identical with that of uracil. 
Effect of pH on uracil and R5P formation.
The standard mixture containing 0.4 ml of the enzyme preparation was inat 37° for 2 hr. Buffers used were acetate buffer (pH 3.3-6.0) buffer (pH 7.0-9.0). suspended in 500 ml of cold distilled water. This suspension was mixed with 100 ml of 2 M acetate buffer (pH 5.5), 1 liter of 60 mM 5`-UMP and 400 ml of distilled water, then incubated at 55 ° for 10 hr. During this period, 73° o of 5'-UMP was degraded and 44 mmoles of R5P was formed.
After centrifugation, the resulting supernatant was adjusted to pH 2 with HC1 and passed through a column packed with 400 g of activated charcoal, and the column was washed with 0.01 N HC1 and water.
The effluent containing orcinolreactive material was pooled and evaporated under reduced pressure (R5P 37 mmoles). The concentrate was adjusted to pH 6.5 by the addition of Ba(OH)2 and then bubbled with CO2 gas.
The precipitates were filtered off and 4 volumes of chilled ethanol was added to the filtrate.
The precipitates were collected by centrifugation and dried in a desiccator in vacuo. Twenty-five grams of white powder containing 30 mmoles of R5P was obtained. This crude Ba salt was suspended in a small amount of water and Ba ion was removed by treatment with Dowex-50 x 8 (H-form ) , then neutralized with KOH and passed through a 3 x 33 cm column of Dowex-1 x 8 (monochloroacetateform). The resin was first washed with distilled water, then eluted with monochloroacetic acid, the concentration of which was linearly raised from 0 to 1 M using 2 liters each of reservoir and mixer vessel. The orcinol-reactive material which appeared from 1.5 to 2 liters (monochloroacetic acid; 0.375- Fig. 6 . Paper electrophore6~rams of the reaction products. See text for the reaction system and electrophoresis. The amount of the enzyme added to 1 ml of the reaction mixture was 24 units (3.0 mg as protein) (17). The reaction was carried out at 55°. 0.55 iI) was collected and monochloroacetic acid was removed by shaking with ethyl ether.
The aqueous layer was treated with Ba(OH)2 and ethanol as before and 6.45 g of white pcwr1er was obtained (R5P 17.7 mmoles). The yield from 5'-UMP was 29.4%.
The purified Ba salt (1 mg: theoretical 2.74 tcmoles of R5P, moleci lar weight being 305) cont Lined 2.53 'moles of pentose and 2.50 tcmoles of total phosphate.
Thus, the molar ratio of pentose to total phosphate is 1.00:0.99. The purity of this product is therefore, at least 91%.
Analyses by paper chromatography and electrophoresis revealed that the purified preparation and the dephosphorylated product of it were identified with R5P and ribose, respectively (Table 3 ). In addition, the spot of phosphate on the chromat grams always c respol: ded to that of sugar.
Action on the mixture of purine anc~ yrimidine nucleotides
The mixture of 5'-CMP, 5'-UMP, 5'-AMP and 5'-GMP was subjected to hydrolysis by the enzyme s3lution which had previously been heat-treated at 55° for 1 hr in 0.02 M acetate buffer (pH 6.0). The ion-exchange chromatograms of the reaction mixture before and after the reaction showed t'iat 5'-CMP and 5'-UMP were degraded yieldir g cytosine and uracil.
On the other hand, 5'-AMP and 5 -GMP were little degraded (Fig. 7) .
DISCUSSION
Contrary to the current concept that the N-glycosidic linkage in nucleotides is cleaved after they are dephosphorylated to nucleosides, a large portion Table 3 . Paper chromatography and paper electrophoresis of purified product and its dephosphorylated product. The purified product was suspended in water and spotted on papers after Ba was removed by the addition of Dowex-50 x 8 (H-form). Dephosphorylation was carried out with prostatic acid phosphomonoesterase.
of Streptomyces strains split the C-N bond of pyrimidine 5'-nucleotides resulting in the formation of pyrimidine bases and R5P. Pyrimidine nucleosides were degraded by only a small number of Streptomyces.
The wide distribution of this nucleotide ribosidase among Streptomyces strains is very noticeable.
So far examined in this laboratory, the nucleotide ribosidase activity has scarcely been detected in cell-free extracts of a number of bacteria, yeasts and molds, though we have previously pointed out a similar enzyme in Pseudomonas graveolens which degraded 5'-CMP, 5'-UMP and 5'-GMP to their bases and R5P (15).
In the case of 5'-UMP degradation by cell-free extracts of Streptomyces, Fig. 7 . Ion-exchange chromatograms of nucleic acid components (A) before and (B) after hydrolysis.
Mixture of 2.2 pmoles of 5'-AMP, 2.1 ~emoles of 5'-GMP, 2.0 imoles of 5'-UMP, 1.95 ~cmoles of 5'-CMP and 100 imoles of acetate buffer (pH 6.0) was treated for 225 min at 55° with 0.2 ml of the enzyme preparation which had been pretreated at 55° for l hr.
Column chromatography was carried out using three chambered concave gradient system instead of the linear gradient one (10). Three chambers contained 400 ml of 0.6, 1.25 and 2.5 M acetate buffer (pH 4.4). The flow rate and the column temperature were 0.45 ml per min and 24° until 6 hr, and 0.9 ml per min and 45° after 6 hr, respectively. the yield of R5P was usually low as compared with the rate of the cleavage of the N-glycosidic bond (uracil formation).
While the yield of reducing sugar was equal to that of uracil.
These facts suggest that strains of Streptomyces possess the ability to metabolize R5P to material non-reactive with orcinoi without losing reducing activity.
The presumed R5P-metabolite, ribulose, ssdoheptulose, deoxyribose and their phosphate esters were checked by phlorogcinol reaction (16), but they were not detected. The R5P-metabolizing activity was strong at early growth phases, at near neutral pH and at such usual temperature as 37°. This activity could be inactivated by elevating the reaction temperature to 55° and keeping slightly acidic pH. By the use of the present enzyme system, the N-glycosidic linkage of pyrimidine 5'-nucleotides, which is chemically very stable, is easily hydrolyzed and R5P could easily be prepared.
This enzyme seems to hydrolyze pyrimidine 5'-nucleotides specifically.
Purification and properties of the enzyme will be reported in the forthcoming paper (17). 
